Genomic organization and glucocorticoid transcriptional activation of the rat Na+/H+ exchanger Nhe3 gene.
The activity of the apical membrane Na+/H+ exchanger NHE3 isoform of renal or intestinal epithelial cells is chronically regulated by a wide variety of stimuli, including acidosis, cAMP, glucocorticoids, and thyroid hormone. To understand the molecular mechanisms responsible for long term regulation of this cation transporter, we have isolated and determined the structure of this gene from a rat genomic library. The Nh3 gene spans > 40 kilobases and contains 17 exons that are flanked by typical splice donor and acceptor sequences at the exon-intron boundaries. The transcription initiation site was mapped by S1 nuclease protection analyses of mRNA from rat kidney and intestine. Multiple start sites were clustered between nucleotides -100 and -96 relative to the translation initiation codon. An atypical TATA-box and CCAAT-box are centered 30 and 147 nucleotides, respectively, upstream of the predominant transcription initiation site. Sequence analysis of approximately 1.4 kilobases of the 5'-flanking promoter region also revealed the presence of other putative cis-acting elements recognized by various transcription factors (e.g. AP-1, AP-2, C/EBP, NF-I, OCT-1/OTF-1, PEA3, Sp1, glucocorticoid, and thyroid hormone receptors), some of which may participate in the chronic regulation of this gene. The glucocorticoid responsiveness of the Nhe3 gene was assessed by fusing its 5' regulatory region to the firefly luciferase reporter gene and then by measuring the expression of the chimeric gene in transiently transfected renal epithelial OK and LLC-PK1 cells. Glucocorticoid treatment significantly increased the luciferase activity of the chimeric gene in both cell lines, thereby indicating that glucocorticoid regulation of Nhe3 is mediated primarily by a transcriptional mechanism.